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ARSTRACT

The CEBAF Central Helium Liguefier (CHL) ool system consists of independen
aafety comirols located at each subsysien, CAMALC comguber interfnce herdwane, and a
CERAF desiged control scfiware called Thaumaturgic Amtomated Control Logic (TACL),
The puper desesibss how control soflware was intesfaced whily ihe subsystems of the Central
leliom Liquefier. Topics of configurstion, editing. op-rstor interface, dutalogging, and
internnl logic Remctions are presenied as they melale o the operationsl needs of e helium
pland. The paper will slse describe the eifort underway i comvert from TACL (o the Experi-
menial Physics and Indwstris]l Control Syssem (EPICS), the iew control system for the
CEBAF accelerwior. Thia sofiware change will require customizing EFICS soliware 1o cryo-
genic process contml.

SYSTEM DESCRIFTION

The CEBAF cryogenic system consiss of three separabe [acilities - the Central Hellum
Liguefier (CHL), the End Siation Refrigerstor (ESR), and the Cryogenie Tesi Fuility
(CTF). The CTF provides relrigerstion for use in CERAFs test laboratory, the ESR pro-
widea reflrigeration for the various cryogenic equipment in the experimental halls, and the
CHL provides shield conling snd 2K refrigeration to compoments in CEBAF's injecior aml
two speromsluciing Heensr accelerston. CERAF S Cryogenic Soope is shown in Migee |

The CIIL is & 4.8 kW, 2.0 K refrigerator and transfer lime syste which supplies the
linnes wiih 2.0 K o9d 12 kW of 50 K ~hiekd refrigenstion ~ '« CHL also supplies 10 gfs Fg:
wicl for fhe experimental physics ladla, The system block Siagram is shown in Figure 2. The
main components of the system i -fude two stages of warm *-lium screw compreasars, a
4.5 K Cold Box, 3 20 K Cold Box (Cold Trmpressors), aned vasioas suppon equipment.
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Figurs 1 Blinck DHagram of ClIL Refrigersine

INSTRUMENTATION AND INDEPENDENT SAFETY CONTROLS
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equipment protection and salety, and the second lbevel ia process control. The cryogenic
Eroup’s philosophy is lo sepasate the Firn lewel of control from the sccelerstor comtral sys-



tem. Therefore, the CHL comiract required that no piece of equipment shall depend on
CEBAF's controd aystein for equipment protection snd salfely. Each piece of eqmipiment was
supplied with all the instramentation and comtrols required b prolect the equipment in the
evend of equipmend [silure or off-design conditions that could damage the equipment, Mosi
of this i accomplished with kocal instrumentation snd relays, or programmasble logic con.
irolkars.

Responsibility for the secomd level of controd was split hetween CEBAF and the equip-
ment suipplier, All equipment was supplied with ihe vendor's recommended instrumemation.
The vandor then wired the instramendation to a designated kocaticn in the CEBAF supplied
interface racks, CEBAF supplied the wiring from that interfecs locaiion in the racks fo the If
¥ craies amd iben 1o the control sysiem compaters, W

CAMAC INTERFACE

The L) crates thal the eryopesic sysiem uses mre CAMAC ciales. O the shelf
CAMAC modulea are used whenever possible 1o encoursge standardization. The siandarnd
CAMAL modules in use include Analog to Digitel Coeverters, Digital to Analog Conven-
ers, Digital Input moduales, and D4gital Output modules.

Thres custom-built CAMAC modules weres necessary i support the mesds of the cryo-
penic system. The firsl iwo castom CAMAC modules are electric and preumatic valve driv-
ern it wese designed and bisilt sl CEDAF, The elecirie valve driver modale sends DC
algnale to valve actusions driven by 24 volt DC isotors. The prenmatic valve driver module
sends 4-20mA signals for preumatically sctuated valves. These two modules also suppon
an LVOT or a podemtiometer (or vollage) valve position readback, The third cusiom medule
is & gilicon diods and platimum resistor lemperslsre scasner thal was conlracied o be

designed and CEBAF. This modubs semda i appropriate current to the temperaiure
resistor or back the resulting vollage, and converts the voltage 1o 8 temperature
using the £ i curve dala,

There are over | 150 VO channels currently inerfaced throagh the CAMAL crates Tor
il CHL aystem. The CHL tailding scoounts for 770 W0 chanmels n fve CAMAC crales.
The CAMAC crates in the CHL building nre connected o ihe conirol gysiem in parallel by a
OFID interfoce. There are (wo crates (or the compressor mom. (wo crates For the cold hax
room, and cne crse g suppont the 2.0 K cold boa (cold compresson),

The cryogenie squipment in the two supercondsciing linace accounts for 184 /O chan-
nels distribwied through fouwnieen CAMALC crates. Tiseae CAMAC crales conmect B the oom-
ol eomnpten vin o seil bighwoys, Tens pre 6 cralea Tor eoch Bnec, nisl two crales Tor
the: imjecior area. The CAMALC ersie layeui |3 shown in Figars 3.

THE TACL SYSTEM
Crverview

TACL i# & logic-bhases sollware conbrol system that was developed st CEBAF snd hins
been in use since Mavembser, 1987, TACL supporia 8 CAMAC U0 inierface, and provides
lor easy conllguration aof controd logic dalabases and generalion of custom scresns for oper-
alor intesface. The software runs on a distribated petwork of Hewled-Packand UNIX work-

slations.
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The TACL control sysiem fie the CHL uses an aschiteetune of 4 supervisoe etimpmlers
and 7 local compuiers. The conirol system lnyout ls shown in Figure 4.

The supervisor compuilers handle the network commminicalions beiweens other saperyi-
sors and dilTerent panis of U comtnol aysiem, and run logic daishases fof necessary supervi-
sory tasks,

The local computers run the logic databases thal include most of the engineering con-
versiong, control logie, PID ealeulations, and inputioutpil operations with ke CAMAT
ersies, The kocal computen only communicate with ibeir own supervisor, and tlersfons are
il overloaded by network iraflic. The disadvantage of this layou is that the locsl computers
cannol communicate with esch other. They must coimmunicals by way of thedr spervizors,
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Figure i, Cryagealc Control Sysem DHagram
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Editing sred (lperwior Inierlace

TACL consists of tools thal allony asers (o build the comrol logic databases and opera-
tor imlesface screems for their particolar application. This reduces 1l lomd on the conirols
group siall, and allows ibe conbiol =ustem o be conllguned by asers knowledgable in each
applicaticn.

The TACL Logh: Bdior i an irna-hased dalabase editns, Menes sre used i0 sebec) anid
describe all the hasdware interfoces i the aystem. This =dilor sles albess s aser 10 syin-
bolically define the logical Alow of contral. The clitor pznerates a datsbase Troim ke user
delined information that iy executed st nan-time.

Tiee TACL Display Editor allows the user 1o create comrod screens for opermlar imler-
Tace wsing & wide variety of drawing ools, The =#er ney create cusiom symbals o supple-
ment the available drawing Minclions. A caslom symbol was crested snd sdded bo the
drawing fusclions list for monitoring and operating (ke many PID f—pa i the cryogesic
system. Most of the control screers For the CHLL were creavedd 10 ook like the sysiem pro-
cess dingrnma. This makes # estier for (lse engineem and leclinlciang (nmiliar with the had.
wane b manwibor and conbroll the sysiem,



Special Loghe Functions

Gimce the CHL is a process control application, PID lenns are widely used im the sys-
tem. PID loops are software propontional, integrsl, and dilfereniial feedhack boops. The
CTIL cowntral system wses over 125 PID loops bo comtrol the cryogenic )i prment in the CTIL
building and in the (wo linacs, A special PID logle Tunction was added 1o TACL for i
CEBAF cryagenic systems, This PID loop allews frr all of Hs parameiers, incluling gains
anl Thinits, 1o be changed during mmhe, allowing for ensy runtime mining of he baeps.

LiiHiy Frograms Yy

LHility programs have been written to perform datalogging, sirip chart graphing, and 7,
saving and resloring seflings.

The datslogger allows periodic logging of process signals in samples rom oee seconsd
and up in one second increments. A menu driven editor is sunplied to configure the datslog-
ging e

The graphs program plots process signala in strip chart fonnat Up 1o ten signals may
be plotied on cne graph. Each signsl may have il own range, and the time betwesn plotied
samples may be changed. This progrsm can plot signals in real time oF can plod daislogged
Argmals,

There is also & program thal cam save cument operational seitings o that ey cam be
restored afier & computer reboot of Nadlare, or io support o different operational mode, Resio.
ration of FID setlings is wery imponant 1o & process eantrol sysiem Hie (he CHL.

THE EFICS YERSION EFFORT
- -

EPICS |a fon sysem ioolkil being developed by a collaboration of several DOE
labvsrwiaries?, will support exisiing CAMAC hardware throagh serfal highway 1o
¥ME based 1O Controllers (10C) thal rum the EPICS aofiware. UNIX worksialipns s
used (o execule high level applications, and X'Windows format is used for (he operstor inter-
face. The dilferences between TACL and EPICS and reasona for CEBAF'S conversion of
comiral systems from TACL to EPICS are discugsed in references 2 and 1.,

The CHL system will be converied to EPICS late in 1996, alier the Cryogenic Tesi
Facility {CTF) is successfully converied. CTF will be used as  test bead for the CHL conver-
si0m o work out conversion details relating bo cryogenics.

A new EFICS PID is currently heing wrilten (o support CEBAF s needs. The new PID
will act Hie: the TACL PID, 30 (hat ol of the CEBAF cryogenic PIDs will mot have to be re-
tusnad,

A graphs program is also being developed to support the cryogenic comvertion 1o
EFICS. Since most cryogenic proceases are relatively slow, & good realtime ErAphi program
ansisls the: apersiors in monioring the sysiem.
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The programming and configuration for the control system is 75% complets and is wakling
on completion of the new PID. All of the existing instramentation and CAMAC hardwars
will be used under the EPICS system with the exception of the CAMAC crale contrallers,
The crate crvinollers will be changed to serial controllers by suppon the serial highwsy men-
~ linned above. The operator imerface screens are in the process of being redane since EPICS
uzes an X'Windows operaior ntenface.

Since most of the eontiol sysiem nans on VME bassd 100, the compaters used For the
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operains imierface will be X-terminnls. These X-derminals will run off of one workstation
that will also run the higher level applications sach as grapha, archiving, aml ssvelresione
PIOErAmS,
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